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Strengthening the Validity of Population-Based
Suicide Rate Comparisons: An Illustration
Using U.S. Military and Civilian Data
Karen M. Eaton, MS, Stephen C. Messer, PhD, Abigail L. Garvey Wilson, MPH,
and Charles W. Hoge, MD

The objectives of this study were to generate precise estimates of suicide
rates in the military while controlling for factors contributing to rate variability
such as demographic differences and classification bias, and to develop a simple
methodology for the determination of statistically derived thresholds for detecting
significant rate changes. Suicide rate estimates were calculated for the military
population and each service branch over 11 years, directly standardized to the
2000 U.S. population. Military rates were highly comparable across branches and
were approximately 20% lower than the civilian rate. Direct adjustment essentially
controlled for the demographic confounds in this sample. Applying the Poisson-
based method, we demonstrate that suicide rate fluctuations as large as 20–40%
in any year may be attributed to random error.

Suicide remains a major health problem in States, and the third leading cause of death
among young people between the ages of 10the United States despite increased knowl-

edge of risk factors, growing public aware- and 24, as well as the second leading cause of
death for people between the ages of 25 andness, and calls for national prevention efforts.

According to the National Strategy for Sui- 34 (Centers for Disease Control and Preven-
tion [CDC], 2005). Over the past five de-cide Prevention in 2000, suicide was the elev-

enth leading cause of death in the United cades, suicide rates have nearly tripled among
adolescents and young adults, a pattern pur-
portedly linked to increased prevalence of
mood disorders, nuclear family dissolution,
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onstrate valid change in suicide rates over Dowell, 1988; Rothberg, Rock, & Jones,
1984; Rothberg, Rock, Shaw, & Jones, 1988;time and/or across populations.

Efforts to detect population-based sui- Rothberg, Ursano, & Holloway, 1987). The
military represents an excellent populationcide rate differences confront an array of va-

lidity threats. First, suicides are low frequency for research due to the large population de-
nominator and extensive demographic, mor-events. Even in larger populations, small dif-

ferences in the number of self-inflicted deaths bidity, health care, and mortality databases;
however, methodological limitations in mili-over time, or between groups over a single

time interval, can result in wide fluctuations tary investigations have made it difficult to
generate reliable and valid suicide rate esti-in rates. Second, differences in suicide rates

between groups may be due to confounding mates, to characterize and model trends and
differences in suicide within and betweenpopulation characteristics, such as differential

demographic distributions. Ignoring such service branches, and to assess the effective-
ness of suicide prevention programs. Fluctua-population patterns may result in misleading

rates, particularly when comparing heteroge- tions in suicide rates in individual service
branches (e.g., up to 40% over the past de-neous populations. Third, classification bias

in the assignment of suicide as the manner cade) make it difficult to link rate changes to
any specific prevention efforts (Helmkamp,of death may also result in imprecise and/or

inaccurate rates. For example, the systematic 1995). In fact, only one study to date has as-
sessed the effectiveness of a military suicidemisclassification of suicides as “accidents,” as

deaths with an “undetermined” manner or prevention program (Knox, Litts, Talcott,
Feig, & Caine, 2003). Additionally, from athose in a “pending” determination status,

will lead to an under-detection of suicides policy perspective, apparent spikes in suicide
rates often lead to heightened concerns among(Carr et al., 2004). Studies of suicide deter-

minations demonstrate the magnitude of Department of Defense (DoD) leadership,
and occasionally prompt intense public scru-misclassification is substantial, with 20–30%

of suicides inaccurately assigned as accidental tiny (e.g., suicides among U.S. soldiers de-
ployed to Iraq).or undetermined (Brent, Perper, & Allman,

1987; Kleck, 1988; Mohler & Earls, 2001; The U.S. active duty military repre-
sents an important segment of the adult pop-O’Carroll, 1989; Phillips & Ruth, 1993). Fi-

nally, the completeness of mortality report- ulation, as well as a valuable resource for
conducting research. Comprised predomi-ing may be inconsistent over time and there

may be long delays in completing the manner nantly of young adults with a broad range of
racial/ethnic diversity, the military popula-of death investigations. Both reporting errors

and delays will contribute to a reduction of tion is primarily male (85 percent) with ap-
proximately half of the population betweenprecision and accuracy in the estimation of

suicide rates. the ages of 17 to 26, a demographic profile
at high risk for suicide. In contrast, militaryMethodological and validity issues be-

come even more salient in studies of popula- service members benefit from full-time em-
ployment and access to comprehensive healthtion groups. For example, the U.S. military

has been the focus of a number of studies of care, factors which may buffer suicide risk. In
recent years, studies of the general health ofprevalence and risk for suicide and suicidal

behaviors dating back to the 1950s (Cassi- soldiers have revealed substantial improve-
ments. Practices such as intensive immuniza-matis & Rothberg, 1997; Datel & Johnson,

1979; Datel & Jones, 1982; Datel, Jones, & tion/vaccination programs and injury preven-
tion initiatives have enhanced the health ofEsposito, 1981; Eggertsen & Goldstein, 1968;

Hourani, Warrack, & Coben, 1999; Rock, the military population (Peake, 2000; Powell,
Fingerhut, Branche, & Perrotta, 2000; Sen-1988; Rothberg, Bartone, Holloway, & Mar-

lowe, 1990; Rothberg, Fagan, & Shaw, 1990; tell, Lacroix, Sentell, & Finstuen, 1997). Yet,
despite decreases in overall mortality due toRothberg & Jones, 1987; Rothberg & Mc-
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illness, accidents, and homicide, suicide rates duty population, currently 1.3 million service
members strong (Hoge et al., 2002). DMSSin the military have generally not shown

comparable reductions, even with the imple- mortality data are input via the DoD Direc-
torate for Information and Operations Re-mentation of suicide prevention programs. In

fact, over the past decade, suicide continues ports (DIOR) system, which receives infor-
mation from the casualty reporting offices ofto be the second or third leading cause of

death among active duty military personnel each service branch. DMSS defines suicides as
deaths receiving codes of E950 through E959(Directorate for Information Operations and

Reports, 2003; Helmkamp, 1996; Rothberg from the International Classification of Diseases,
Volume 9 (World Health Organization, 1977)et al., 1987).

The current study has four primary and codes of X-60 through X-84 and Y87
from the International Classification of Diseases,objectives: (1) to illustrate the computation

of directly adjusted suicide rates for the total Volume 10 (World Health Organization,
1992). DMSS recorded 2,091 suicides in themilitary population, for comparison with the

civilian population; (2) to utilize the directly military population over the study period.
standardized rates to make accurate compari-
sons across service branches; (3) to estimate Civilian Population
and account for validity threats, measurement
error, and other factors that influence suicide Data. The Centers for Disease Con-

trol and Prevention (CDC), National Centerrate estimates; and (4) to demonstrate a sta-
tistically-driven methodology for the deter- for Injury Prevention and Control, National

Center for Health Statistics, Vital Healthmination of significant suicide rate deviations
from an expected value. Our overarching aim Statistics System was the source for the civil-

ian population mortality data, extracted fromis to provide public health practitioners with
basic knowledge and simple tools to facilitate the Web-based Injury Statistics Query and

Reporting System (WISQARS; CDC, 2003).decision making and to strengthen suicide
surveillance, monitoring, and prevention ef- The 2000 U.S. Census provided the civilian

demographic and denominator information.forts.
We included civilians 15 and 16 years old due
to the Census manner of age stratification. A
total of 190,458,952 constituted the civilianMATERIALS AND METHODS
study population. CDC reported 23,450 sui-
cides during 2000.Military Population

Data. The current study analyzed Analysis
data from active duty service members in the
U.S. military (Army, Air Force, Navy, Marine To control for distributional differences

across populations, we applied the method ofCorps) between the years 1990 through 2000.
The study population consisted of all active direct adjustment to standardize suicide rates

in the military population, over the 11-yearduty personnel between the ages of 17 to 64,
both enlisted as well as officers (17,696,802 period, to the 2000 civilian population (Klein-

baum, Kupper, & Morgenstern, 1982). Ratestotal person-years). Mortality and denomina-
tor data for the 11-year period was obtained generated using direct standardization are in-

terpreted as those that would be obtained ifthrough the Defense Medical Surveillance
System (DMSS; Rubertone & Brundage, the study population(s) had a distribution

identical to that of the standard population2002). The DMSS contains current and
comprehensive population-based data on all on the selected demographic variables. For

the adjusted suicide rate comparison acrosshospitalizations; ambulatory visits; reportable
medical events; and demographic, deploy- the total military and civilian populations, as

well as for the contrasts across military ser-ment, and occupational data for the active
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vice branches, we pooled 11 years (1990–2000) scenario in which a determination is required
as to whether an observed suicide rate ex-of military data, which allowed for more pre-

cision, while concurrently yielding more sta- ceeds some expected value. This strategy is
intended to enhance valid inferences concern-ble rates through the averaging of the yearly

rate fluctuations. Using the civilian popula- ing significant suicide rate deviations from
some expected value, an issue confronted bytion as the reference group, the military sui-

cide rates were adjusted by gender, age, and prevention program and policy analysts. We
demonstrate this by showing the computa-race/ethnicity. We combined all non-White

race/ethnicity categories (African American, tion of the expected suicide count for a popu-
lation (service branch) at current size andHispanic, American Indian/Alaskan Native,

Asian/Pacific Islander, etc.) to have sufficient baseline period using the observed suicide rate.
First, we computed an expected base-numbers of observations in most cells.

To address potential classification bias line value. Most simply, an arithmetic mean
or median can be calculated over the 11-yearin the military data, we computed two sets of

adjusted suicide rates. One set of rates, the period; however, this measure of central ten-
dency is biased to the extent that there areliberal/higher estimate, included confirmed

suicides as well as all pending and undeter- significant deviations from the mean over
time. To address this concern, we estimatedmined deaths, while the conservative/lower

estimate included only confirmed suicides. the extent of departures from a mean value
by modeling linear or polynomial regres-The Vital Health Statistics System, our source

for civilian death rates, does not utilize a sions, and detecting significant deviations
from the best fitting model for any year. Thispending category for manner of death, there-

fore we computed a liberal crude rate for ci- was done by inspecting the studentized resid-
uals and identifying any that demonstratedvilians, which comprised confirmed suicides

and undetermined deaths. In the military, statistical significance at α < 0.05 (a student-
ized residual value >±2.0). If we observed sig-deaths pending final manner of death deter-

mination, or deaths classified as undetermined, nificant residuals, we deleted them before
computing the mean. If we failed to detectfrequently involve suspicious circumstances

such as falls, overdoses, or drowning, where any significant residuals, then we computed
the mean as an unbiased estimate of the ex-there is uncertainty regarding suicidal intent.

Several studies demonstrate the importance pected value.
After calculating the expected value forof including pending/undetermined classifi-

cations in examinations of the prevalence of the rate, we determined the expected value
for the count/number of suicides in each ofsuicide (Brent et al., 1987; Fear & William-

son, 2003; Sainsbury & Jenkins, 1982). the service branches by multiplying the rate
by the population size. Having the expectedAs noted, suicide is a rare event; there-

fore, it is critical that researchers apply statis- count of suicides, we then determined the
Poisson probability at which a significant dif-tical techniques that ensure an appropriate

level of precision, which maximizes the accu- ference in the observed and expected suicide
counts existed. We used CDC’s public do-racy or validity of inferences regarding popu-

lation rate differences. We conceptualized sui- main software package, EPI INFO 6.0 (avail-
able on-line at http://www.cdc.gov/epiinfo)cide counts as a Poisson random variable,

thus the computation of 95% confidence in- to identify the observed count that would re-
sult in p < 0.05, indicating a significant differ-tervals (CI) relied on the normal approxima-

tion to the Poisson (95% CI = r ± 1.96 × (r √ x); ence from the expected. By applying the Pois-
son standard versus observed test, we werewhere r = rate, x = suicide count; valid where

x < 100) (Chaing, 1961; Fisher & van Belle, able to determine what observed value was
necessary to achieve a significant expected1993; Keyfitz, 1966).

Lastly, we provide a general statistical versus observed difference in suicide counts
for a given year. For manual computations,method to facilitate decision making for the
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Pr (X = x) = e−λ × λx/x!; where x indicates in- parisons between populations, given that de-
mographic variables strongly relate to suicide.tegers 0 to X, with X as the observed count;

e is the natural logarithm; λ is the expected A basic step in the computation of ad-
justed suicide rates is the enumeration of sui-count; and x! is the factorial of x (Woolson

& Clarke, 2002). cide events with their respective population
group denominators, broken out by the de-
mographic variables of interest. An initial
check of this stratification (by age, gender,RESULTS
and race/ethnicity) highlighted particular
population risk groups, within and across theSuicide in the Military and Civilian

Populations: Directly Adjusted Rates military and civilian populations, and re-
vealed some comparability in the patterning
of suicide risk by demographics. Applying theInspection of Table 1 reveals substan-

tial differences in the demographic distribu- method of direct standardization for age/
gender/race simultaneously, we adjusted fortions of the military and civilian populations.

For example, the military is composed of pro- these demographic differences, while using
the civilian population as the reference group,portionately more males and younger adults,

but there was little difference across popula- providing valid population rate comparisons
(Table 2). The overall conservative suicidetions in the proportion of non-Whites, with

only a slightly larger representation in the rate in the civilian population in the year
2000 is 12.31 suicides/100,000/year. Com-military. There were some notable demo-

graphic differences between the military ser- paring the civilian rate with the unadjusted
military rate of 11.82/100,000 would lead tovices. Taken as a whole, these differences in

demographic profiles are very likely to bias the biased conclusion that there are small
population differences; however, applying di-simple (crude/unadjusted) suicide rate com-

TABLE 1
Demographic Distributions of the Civilian (Standard) and Military (Study) Populations

Total
Population Civilian Military Army Air Force Navy Marines

Denominator 190,458,952 17,696,802 6,125,143 4,599,832 5,006,794 1,965,033
% of Total 100 100 35.00 26.00 28.00 11.00

Demographics
Gender
% Male 49.80 87.50 86.90 84.10 88.60 95.00
% Female 50.20 12.50 13.10 15.90 11.40 5.00

Race
White, Non-Hispanic 75.10 72.10 62.90 79.50 76.00 73.30
Non-White1 24.90 27.90 37.10 20.50 24.00 26.70

Age Group
15–19 11.00 7.70 7.70 4.90 8.00 13.90
20–24 10.30 31.60 32.00 24.50 32.30 45.80
25–29 10.50 21.80 22.60 22.80 21.60 17.10
30–34 11.00 16.90 16.60 20.00 16.60 10.70
35–39 12.20 13.30 12.50 17.00 13.00 7.80
40–64 45.00 8.70 8.60 10.80 8.50 4.60

1Non-White includes African American, Hispanic, American Indian/Alaskan Native, Asian/Pacific
Islander, etc.
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TABLE 2
Civilian and Military Population Suicides: Crude and Directly Adjusted Rates

Adjusted Crude Adjusted
Crude Rates, Rates, Rates, Rates,

Population Conservative 95% CI Conservative 95% CI Liberal 95% CI Liberal 95% CI

Civilian 12.31 12.15, 12.47 14.15* 13.97, 14.33*
Total Military 11.82 11.31, 12.33 8.31 7.95, 8.67 12.98 12.45, 13.51 9.16 8.79, 9.53
Army 12.36 11.48, 13.24 8.70 8.07, 9.33 12.91 12.01, 13.81 9.03 8.40, 9.66
Air Force 11.35 10.37, 12.33 9.13 8.35, 9.91 11.98 10.98, 12.98 9.59 8.79, 10.39
Navy 10.71 9.81, 11.61 6.50 5.95, 7.05 13.40 12.38, 14.42 9.45 8.72, 10.18
Marines 14.05 12.38, 15.72 8.87 7.83, 9.91 15.01 13.30, 16.72 9.48 8.40, 10.56

Note. Conservative rate = confirmed suicides. Liberal rate = confirmed suicides + pending + unde-
termined.

*Crude rates, Liberal-Civilians = confirmed suicides + undetermined only. No pending category
exists for Civilian manners of death.

rect adjustment to the total military popula- among the 207 total deaths listed as pending
or undetermined during the study period,tion reveals that rates in the military are sig-

nificantly lower than among civilian (8.31 vs. 125 (60%) were from the Navy. This dispro-
portionately large number of pending/unde-12.31/100,000/yr.). Lower rates among mili-

tary personnel persisted using estimates based termined deaths may be attributable to the
method of death (i.e., falls from ships) whereon either the conservative or liberal defini-

tions (i.e., 33% and 25% lower in the mili- suicidal intent is difficult to ascertain (Helm-
kamp & Bone, 1986).tary when compared to the conservative civil-

ian crude rate, and 8% and 36% lower when Detecting Significant Deviations from
Baseline. Figure 1 shows suicide rates forcompared to the liberal civilian crude rate).
each branch over the 11-year period. Fluctu-
ations in rates are prominent, particularly forSuicide Across the Service Branches:

Adjusted Rate Comparisons the Marine Corps. A question often posed to
public health practitioners by those responsi-
ble for policy or programs is, “Does thisTable 2 provides a summary of the

crude suicide rates, as well as the adjusted year’s rate differ from previous years?” Al-
though the derivation of a number of tacticssuicide rates, for the total military and the

four service branches over the 11-year pe- is possible, we propose and illustrate the use
of the Poisson standard versus expected testriod. The crude suicide rates for the four

branches ranged from 10.7 to 14.1/100,000/ (see methods for description).
If the expected number of suicides inyear. For each of the branches, the direct rate

adjustment resulted in estimates that were the current year is assumed to be equal to the
average yearly rate pooled over the 11-yearsubstantially lower (6.5–9.1/100,000/yr.) than

the crude rates. With the application of the period, then the expected number of suicides
(at the current population size) is 59 for theliberal definition, the rates changed mini-

mally for the Army, Air Force, and Marines, Army, 41 for the Air Force, 37 for the Navy,
and 24 for the Marines (see Table 3). Exam-but the Navy exhibited a major change. The

Navy rate became analogous to the other ining a range of potential observed counts
given the expected value for each militarybranches, resulting in directly adjusted rates

for the four branches ranging from 9.0 to subpopulation, we found the observed value
that would meet the threshold for a signifi-9.6/100,000/year (compared to the conserva-

tive adjusted rate range of 6.5–9.1). Notably, cant expected/observed difference. The Pois-
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Figure 1. Department of Defense (DoD) suicide trends over 11 year study period (1990–2000).

son test indicated that for any given year and for factors, such as bias, confounding, and
statistical error, which can distort the preci-service branch, anywhere from a 24% to

38% suicide rate increase was required to sion of suicide rate estimates. We illustrated
methods to deal with these threats, includingmeet the p < .05 significance level.
the computation of directly adjusted suicide
rates, the utilization of the directly standard-

DISCUSSION ized rates in comparisons between popula-
tions and across service branches, and theThe purpose of this study was to illus-

trate methods for enhancing the validity of computation of Poisson derived estimates of
significant observed versus expected/baselinepopulation-based comparisons of suicide rates.

We demonstrated a basic strategy to account differences in suicide counts.

TABLE 3
Expected Suicide Rate Variability in the Military

Expected # of
Expected Conservative Suicides at Number

Current Suicide Rate Based Current (percent change)
Population on 1990–2000 Population that has

Service Size Average Size probability <0.05*

Army 480,000 12.36/100,000/year 59/year 73 (24)
Air Force 360,000 11.35/100,000/year 41/year 53 (29)
Navy 350,000 10.71/100,000/year 37/year 48 (30)
Marines 170,000 14.05/100,000/year 24/year 33 (38)

*This column shows threshold at which and above which the number of suicides
are rare enough to have a probability of <0.05 compared with the expected number of
suicides for any given year. Statistic based on Poisson equation rare event vs. standard.
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Due to dramatic demographic differ- such as a suicide note or an eyewitness ac-
count, that a death was the result of an inten-ences (particularly by age and gender), the

method of direct adjustment provided more tional self-inflicted injury, a classification of
suicide may not be assigned (Lindqvist &accurate rates for comparison than contrast-

ing crude suicide rates, both for the military Gustafsson, 2002). Further, it is estimated
that the incidence of suicide may be underre-and civilian populations, and for within ser-

vice branch comparisons. Rates before ad- ported by at least 10% because of the strin-
gent suicidal intent criterion (CDC, 1988).justment suggested little difference in the in-

cidence of suicide among military personnel Several studies from civilian populations,
based on careful analysis of death records byand civilians (11.82 vs. 12.31/100,000/yr.); how-

ever, after adjustment and standardization, independent reviews, have estimated that
20–30% of suicides receive classifications ofthe total military rate was 33% and 25%

lower (using the conservative and liberal defi- “other” manner of death (Brent et al., 1987;
Carr et al., 2004; Kleck, 1988; Mohler &nitions, respectively) than the civilian popu-

lation. Earls, 2001; O’Carroll, 1989; Phillips & Ruth,
1993). These data suggest that suicide rateAlthough there was a wide range of

observed differences between military service estimates need to account for the possibility
of classification errors. When independentbranches in unadjusted rates over the 11-year

period (i.e., 10.7–14.1/100,000/year), the range review of death records is not feasible, one
viable approach is to use multiple definitionsand magnitude of these differences were low-

ered after direct adjustment (6.5–9.1/100,000/ to increase measurement precision while re-
ducing classification bias.yr.). This finding illustrates how comparisons

of simple/crude suicide rates can mislead and Over these 11 years of suicide surveil-
lance, rates fluctuated widely in some servicesuggests that the most important factor con-

tributing to rate differences between service branches (e.g., 30–40% variability across
years). With variation of this magnitude, thebranch subpopulations is the differential dis-

tribution of demographic characteristics re- process of linking changes in rates to any
specific prevention efforts is difficult. Welated to suicide incidence.

Given the similarity across the services demonstrated the application of a method to
address the associated problems of substantialin terms of enlistment requirements and pro-

cedures as well as classification of deaths, it variance over time and rare events. Findings
suggest that in the service branches, a 25–seems reasonable that the rates across the

four service branches would be very similar. 40% estimated versus observed difference
(depending on the branch) was necessary toHowever, due to the likelihood of classifica-

tion bias in rates and the possibility of differ- achieve significance at the 5% level. Public
health practitioners, prevention specialists,ential degrees of bias across populations, the

lower conservative suicide rate in the Navy and policy analysts can apply this method to
create thresholds for the detection of non-was informative. We observed a greater pro-

portion of pending and undetermined death random change in suicide rates, or other rare
events, over time.cases in the Navy than in the other service

branches. Indeed, the inclusion of pending We note several limitations of the cur-
rent study. First, the method of direct adjust-and undetermined deaths in the liberal esti-

mate brought the adjusted Navy rate in line ment is a very useful tool for the calculation
of an overall rate estimate; however, there arewith rates observed in the other branches.

This suggests that the majority of pending often constraints in the calculation of high
precision adjusted rate estimates for some de-and undetermined deaths in the Navy may

be suicides, and is consistent with previous mographic groups. For example, in the cur-
rent study non-White females representedresearch regarding the degree to which clas-

sification bias can affect suicide rate esti- such a small proportion of the total military
population (11%) that in some of the cells ofmates. Unless there is substantial evidence,
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the adjustment table, the counts were close classification biases documented in other
studies may have been operational in the cur-or equal to zero. Therefore, some of the over-

all adjusted rates and confidence intervals are rent study. To address this concern, we only
included deaths through the year 2000 tobased on sparse cells. Our analyses focused

on adjusted rates for the total military popu- allow several years of follow-up to resolve
pending death cases. Nonetheless, long de-lation (or its subpopulations) and not on

finer-grained analyses, so our reported esti- lays in completing death investigations are a
major impediment deserving attention formates are quite robust. Users should be wary

of overinterpretation of the overall adjusted “real-time” suicide surveillance.
The method illustrated in this studyrate prior to an examination of stratum-specific

rates. To the extent that populations exhibit provided increased precision and accuracy of
suicide rate estimates and comparisons in thedifferent patterns in the specific rates, the

overall directly adjusted rate provides a con- population of interest through the control of
demographic differences, year-to-year vari-venient summary, but may not accurately re-

flect important population differences. Addi- ability in rare events, and classification bias.
Our overarching aim was to provide publictionally, using these methods, we were unable

to determine the relative contribution of the health practitioners and policy analysts with
some basic knowledge and simple tools to fa-different demographic factors on the differ-

ences in rates and were thus unable to deter- cilitate decisionmaking, and to strengthen
the precision and validity of suicide surveil-mine which factors the rates were more sen-

sitive to. Second, potential reporting and lance, monitoring, and prevention efforts.
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